Introduction
Hepatocellular carcinoma (HCC) is a primary malignancy of the liver and is now the second leading cause of cancer deaths worldwide, following lung cancer. 1 The global incidence of HCC is still on the rise with the highest prevalence in East Asia, 1 where the mortality rate is 33.5 per 100,000 people. 2 The majority of HCC cases occur with underlying chronic hepatitis B or C viral infection and cirrhosis. 3, 4 The other main risk factors for HCC are alcohol intoxication and aflatoxin. 3, 5 Current treatment modalities include radical therapies (eg, surgical resection, liver transplantation, radiofrequency ablation) and adjuvant therapies (eg, transarterial chemoembolization [TACE] , systemic chemotherapy, sorafenib). Although these methods have significantly improved the long-term survival of patients with HCC, the overall prognosis is largely limited by the extent of liver dysfunction. 6 Although various tumor staging systems are available to predict prognosis, they too have major limitations. For instance, the Milan criteria are solely based on the preoperative imaging without consideration of molecular signatures 7 and biopsy has the risk of introducing tumor cell seeding. 8 Therefore, it would be useful to identify effective preoperative prognostic biomarkers that may facilitate outcome prediction and indicate the requirement for aggressive therapy in high-risk patients with HCC.
To date, the most common serum biomarker used by clinicians to diagnose HCC is alpha-fetoprotein (AFP). However, the reliability of AFP is questionable due to its lack of sensitivity and specificity. 9 In addition, AFP marker is less valuable in the early stages of HCC when the tumor size is less than 3 cm. 10 Therefore, new and more effective prognostic serum biomarkers are needed to improve clinical outcomes.
Fibrinogen is a 340-kDa soluble plasma glycoprotein synthesized in the liver by hepatocytes. It is an important coagulation factor. In the coagulation cascade, fibrinogen is enzymatically converted to fibrin by activated thrombin and subsequently forms a clot. In situations such as tissue injury, infection, and inflammation, fibrinogen concentrations are rapidly elevated. 11, 12 Recently, emerging evidence has associated the elevation of fibrinogen level with tumor progression in several malignancies, such as breast cancer, 13 gallbladder cancer, 14 gastric cancer, 15 colorectal cancer, 16 and lung cancer. 17 Few studies have also reported that patients with HCC and elevated pretreatment plasma fibrinogen levels have poor outcomes. 18, 19 However, these studies were limited in size, varied in cutoff concentrations, or administered heterogenous treatments, and the correlations between elevated fibrinogen and clinicopathological parameters of HCC were unclear. In addition, there are conflicting findings on the levels of plasma fibrinogen in HCC patients compared to that in control or cirrhotic groups. Several studies reported that HCC patients showed higher levels of pretreatment plasma fibrinogen compared to healthy controls or cirrhotic patients. [20] [21] [22] However, Basili et al 23 and Liu et al 24 found no significant difference in the plasma fibrinogen levels between HCC and control or cirrhotic groups, and Hessien et al 25 indicated lower levels of fibrinogen in HCC patients compared to that in control and cirrhotic patients. Therefore, our present study aims to summarize the currently available studies to examine 1) whether the pretreatment plasma fibrinogen levels were significantly different among HCC, cirrhotic, and healthy subjects; 2) the association between elevated plasma fibrinogen and prognosis in patients with HCC; and 3) the association between elevated fibrinogen levels and tumor progression in patients with HCC. To the best of our knowledge, no meta-analysis has been performed to assess elevated plasma fibrinogen risk in patients with HCC.
Materials and methods
This meta-analysis was conducted in accordance with the PRISMA guidelines. The studies included in this metaanalysis are previously published, and therefore, ethical approval and informed consent are not required.
Literature search strategy
Relevant published literatures were systematically searched in electronic databases including PubMed, Embase, and Web of Science. The last update was September 2017. The keywords used included "Fibrinogen", "liver neoplasm", and "hepatocellular carcinoma". Specifically, the keywords used in PubMed were (Fibrinogen) AND (neoplasm, liver [MeSH Terms] OR hepatocellular carcinoma). In Embase, the keywords used were Quick search: Fibrinogen AND (liver neoplasm OR hepatocellular carcinoma). In Web of Science, the keywords used were Fibrinogen AND (liver neoplasm OR hepatocellular carcinoma) [Topic] . There were no restrictions to the search process in terms of language, date, research design, or publication status.
Study selection criteria
Studies were included when they met the following inclusion criteria:
1. diagnosis of HCC was proven by pathological methods; 2. pretreatment plasma fibrinogen was measured in all participants; 3. mean and SD of pretreatment plasma fibrinogen levels were reported in patients with HCC, cirrhosis, and/or healthy controls; 4. complete clinicopathological characteristics were evaluated prior to treatment; and 5. outcomes included overall survival (OS), disease-free survival (DFS), and/or recurrence-free survival (RFS).
Studies were excluded when they met the following exclusion criteria:
1. experiments were performed in vitro or in vivo; 2. study designs were case reports and reviews; 3. fibrinogen peptide chains, mRNA or protein expression, or fibrinogen degradation products were measured; 
Outcomes of interest
The primary outcomes of interest were OS, DFS, and RFS. Another outcome of interest was the association between fibrinogen levels and clinicopathological parameters. Other outcomes of interest were pretreatment plasma fibrinogen levels of HCC, cirrhotic, and/or healthy subjects.
Data extraction and quality assessment
Two independent researchers performed literature selection, evaluation, and extraction. Data on the following characteristics were retrieved: first author; year of publication; country in which the study was conducted; number of HCC, cirrhotic, and control subjects enrolled; age; sex; pretreatment plasma fibrinogen level measurements and methods; plasma fibrinogen cutoff values; methods used to determine cutoff values; treatments received; and follow-up period. Discrepancies were resolved by discussion to consensus. If both univariate and multivariate outcomes were provided in an article, we chose the latter. Efforts were made to contact the corresponding authors for any information not reported in the article. The Newcastle-Ottawa Scale (NOS) was used to assess the quality of the studies included. NOS employs a "star" rating system that evaluates eight items, which are categorized into three domains: selection (four items: maximum one star each), comparability (one item: maximum two stars), and outcome (three items: maximum one star each). The NOS assessment, which ranges from 0 (worst) to 9 (best) stars, provides a semiquantitative appraisal for the overall quality of each study. Studies with scores of 6 or higher were regarded as high quality.
Statistical analyses
All statistical analyses were performed using Stata 13.1 (StataCorp LP, College Station, TX, USA). The pooled differences in plasma fibrinogen levels among HCC, cirrhotic, and control groups were expressed as weighted mean differences (WMDs) and their corresponding 95% CIs. The associations between elevated fibrinogen and OS or DFS/ RFS were expressed as the HRs and their corresponding 95% CIs, and the associations between elevated fibrinogen and various types of clinical characteristics of patients with HCC were expressed as ORs and their corresponding 95% CIs. Heterogeneity among studies was assessed using Cochran's Q test and Higgins I 2 statistic. 26 If no significant heterogeneity was indicated among studies (P > 0.1, I
2 < 50%), a fixed effect model was applied for analysis. 27 Otherwise, the random effect model was adopted. 28 Sensitivity analysis was performed using sequential omission of individual studies to evaluate the influence of an individual study on the overall pooled estimates. If the pooled estimates were affected after removal, it indicated that the results were inconsistent. Egger's linear regression tests were used to assess for publication bias, and any indication of publication bias was further tested with trim and fill analysis. P < 0.05 indicated significant bias.
Trial sequential analysis (TSA) was conducted to minimize type I error, evaluate required information size, and assess whether current available studies were sufficient for a firm conclusion. The required information size refers to the required number of participants to produce statistically significant result in meta-analysis. The diversity-adjusted required information size of 784 patients was calculated on the basis of type I error of 5%, type II error of 20%, the control event proportion of 40%, and a relative risk reduction of 20% in outcomes. When the cumulative Z-curve crossed the trial sequential monitoring boundary for benefit, harm or futility, or the required information size, this result suggests conclusive evidence within this meta-analysis. Otherwise, more clinical studies are warranted to reach a consistent conclusion. Figure 1 depicts the fully detailed process of article search and selection. The electronic database searches yielded a total of 1,128 potential articles (PubMed = 410, Embase = 565, and Web of Science = 153). The titles and abstracts were screened, and 1,094 articles were excluded because they covered irrelevant research topics (n = 1,019), lacked full text (n = 20), or were duplicates (n = 55). Thirty-four fulltext articles were retrieved for detailed evaluation. Eighteen articles were eliminated due to the following reasons: in vivo/ in vitro study (n = 2); case report (n = 2); study that measured fibrinogen peptide chains, mRNA or protein expression, or fibrinogen degradation product (n = 12); cases that included other primary liver tumor besides HCC (n = 1); and data not presented as mean ± SD (n = 1). A total of 16 articles were included in this study: eight articles measured and compared the plasma fibrinogen levels among HCC, cirrhotic, and healthy subjects, and eight articles studied the clinicopathological and prognostic value of plasma fibrinogen in HCC. 
Results

Study selection process
Study characteristics and quality assessment
Eight studies that reported OS, DFS, or RFS were included in the meta-analysis to assess the prognostic value of plasma fibrinogen in patients with HCC. The main characteristics of the included studies are presented in Table 1 . All studies were conducted in Asia, involving a total of 1,961 patients with HCC. Pretreatment plasma fibrinogen levels were measured using Clauss assay or serum biochemistry method. The cutoff values for plasma fibrinogen level were determined by different methods, including receiver operating characteristics (ROC), clinical reference range, or median. The cutoff values divided patients with HCC into an elevated plasma fibrinogen group and a normal plasma fibrinogen group. All patients with HCC also received either curative treatment or palliative treatment. In addition, eight studies were included to examine the pretreatment plasma fibrinogen levels in HCC, cirrhotic, and/ or healthy subjects. Six studies presented plasma fibrinogen levels in patients with HCC and healthy controls, three studies presented data for patients with cirrhosis and controls, and six studies presented data for patients with HCC and patients with cirrhosis. The details of the studies are provided in Table 2 .
We also used the NOS to evaluate the quality of the eight studies that reported OS, DFS, and RFS. All of the studies Articles excluded after title and abstract review (n=1,094):
• Irrelevant articles (n=1,019)
• Lack of full text (n=20)
• Duplicated studies (n=55)
Full-text articles assessed for eligibility (n=34) Full-text articles excluded (n=18):
• In vitro/in vivo studies (n=2)
• Case report (n=2)
• Study that measured fibrinogen peptide chains, mRNA or protein expressions, fibrinogen degradation product (n=12)
• Cases included other primary liver tumors besides HCC (n=1)
• Data not presented as mean±SD (n=1)
Studies included in quantitative synthesis (meta-analysis) (n=16): 
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Huang et al scored between 8 and 9, indicating that the quality of the included studies was high (Table 3) .
Plasma fibrinogen levels among HCC, cirrhotic, and healthy subjects
We examined the plasma fibrinogen levels in HCC, cirrhotic, and healthy subjects. A random effect model showed no significant difference in the plasma fibrinogen levels among patients with HCC and healthy controls (WMD = 0.50, 95% CI = [-0.82, 1.82], P = 0.457; Figure 2A ). However, compared to healthy individuals, patients with cirrhosis had significantly lower plasma fibrinogen levels (WMD = −0.44, 95% CI = [-0.86, -0.01], P = 0.043; Figure  2B ). The plasma fibrinogen levels were not significantly different between patients with HCC and patients with cirrhosis (WMD = −0.62, 95% CI, [-1.56, 0.33], P = 0.200; Figure 2C ).
Association between plasma fibrinogen and HCC prognosis
Correlation between elevated plasma fibrinogen and OS Meta-analysis of the six OS-related studies showed little heterogeneity among studies (I 2 = 25.7%, P = 0.242). A fixed effect model showed that patients with HCC and high pretreatment plasma fibrinogen levels had significantly poorer OS compared to those with normal fibrinogen levels (HR = 2.08, 95% CI = [1.67, 2.59], P < 0.0001; Figure 3A) . Sensitivity analysis showed that the pooled result was relatively stable ( Figure 3B ). Egger's test (P = 0.008) showed the presence of publication bias. Further, trim and fill analysis showed that after adjusting for three studies, the recalculated pooled HR for OS was 1.85 (95% CI = [1.51, 2.27]; Figure 3C ), which was not significantly changed from the initial estimate (HR = 2.08, 95% CI = [1.67, 2.59]). Our data suggest that the presence of publication bias has no significant effect on the overall finding. We also performed TSA meta-analysis on the OS results. Although the number of participants had not reached the required information size, our TSA showed that the cumulative Z-curve crossed the trial sequential monitoring boundary for harm, confirming the poorer survival rate among patients with HCC and high levels of plasma fibrinogen. Our results suggest that currently available studies are sufficient to conclude the negative prognostic value of elevated plasma fibrinogen in patients with HCC ( Figure 4 ).
Correlation between elevated plasma fibrinogen and DFS/RFS
Meta-analysis of the 5 DFS-/RFS-related studies showed low heterogeneity among studies (I 2 = 36.3%, P = 0.179). A fixed effect model showed that patients with HCC and high pretreatment plasma fibrinogen levels had significantly poorer outcomes compared to those with normal fibrinogen levels (HR = 1.90, 95% CI = [1.52, 2.37], P < 0.0001; Figure  5A ). Sensitivity analysis showed that the pooled result was relatively stable ( Figure 5B ). Egger's test (P = 0.095) showed no publication bias. Figure 6 and summarized in Table 4 .
Discussion
In this meta-analysis, we identified eight studies [20] [21] [22] [23] 25, [29] [30] [31] that examined the pretreatment plasma fibrinogen levels in HCC, cirrhotic, and/or healthy subjects. We observed that patients with cirrhosis had significantly lower plasma fibrinogen levels compared to healthy controls (WMD = −0.44, 95% CI = [-0.86, -0.01], P = 0.043). Fibrinogen is a product of hepatocytes. Therefore, patients with cirrhosis and compromised liver function may generally have less plasma fibrinogen levels than healthy counterparts. 25, 29 However, our WMD analyses showed that the pretreatment plasma fibrinogen levels in HCC cases were not significantly elevated when compared with that in healthy subjects (WMD = 0.50, 95% CI = [-0.82, 1.82], P = 0.457) or patients with cirrhosis (WMD = −0.62, 95% CI = [-1.56, 0.33], P = 0.200). Therefore, plasma fibrinogen level is not usable as a diagnostic marker for HCC detection.
On the other hand, our prognostic value analyses, which included eight studies 18, 19, 24, [32] [33] [34] [35] [36] with a total number of 1,961 patients with HCC, demonstrated that those patients with HCC and elevated fibrinogen levels are more likely to experience poorer OS (HR = 2.08, 95% CI = [1.67, 2.59], P < 0.0001) and recurrence (HR = 1.90, 95% CI = [1.52, 2.37], P < 0.0001). Furthermore, TSA indicated that currently available studies are sufficient to validate the negative Notes: The Newcastle-Ottawa Scale (NOS) was used to assess the quality of the studies included. NOS employs a "star" rating system that evaluates eight items, which are categorized into three domains: selection (four items: maximum one star each), comparability (one item: maximum two stars), and outcome (three items: maximum one star each). The NOS assessment, which ranges from 0 (worst) to 9 (best) stars, provides a semiquantitative appraisal for the overall quality of each study. Studies with scores of 6 or higher were regarded as high quality.
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Huang et al prognostic value of elevated plasma fibrinogen levels in patients with HCC. Our clinicopathological analyses also indicated that patients with HCC and elevated plasma fibrinogen levels are likely to be associated with a higher pathological stage including advanced tumor stage, larger tumor size, increased tumor number, and the presence of vascular invasion, implicating that plasma fibrinogen level is closely related to tumor progression. In addition to our analysis, recent studies also indicated a positive correlation between elevated plasma fibrinogen levels and poorer prognosis in other solid tumors including esophageal carcinoma, [37] [38] [39] small cell lung carcinoma, 40 nonsmall cell lung carcinoma, 41 upper urinary tract urothelial carcinoma, 42, 43 epithelial ovarian cancer, 44 colorectal cancer, 45 renal cell carcinoma, 46, 47 and gastric cancer. 48, 49 There are several theories that may explain this association: 1) tumor progression is usually coupled with elevated inflammatory responses and leukocyte infiltration into tumor stroma. Infiltrated leukocytes may convert fibrinogen into fibrin matrix, which encapsulates the tumor cells and promotes tumor angiogenesis; 50 2) fibrinogen may serve as an extracellular matrix protein that regulates the growth of cancer cells by binding to growth factors (eg, vascular endothelial growth factor, fibroblast growth factor-2, platelet-derived growth factor) and promote cellular adhesion, proliferation, and metastasis; and [51] [52] [53] 3) fibrinogen promotes the adhesion of tumor cells to platelets, which leads to platelet aggregation and thrombin formation around tumor cells. The tumorassociated platelets and thrombin protect tumor cells against the attack of natural killer cells. 54 Moreover, in vitro studies also suggested that high levels of fibrinogen induced epithelial-mesenchymal transition, which is a hallmark for cancer invasion and metastasis. 14 As a plasma biomarker, fibrinogen has its advantages: blood sampling is a minimally invasive method that patients tolerate well, and it allows replicated sampling for long-term surveillance. Plasma fibrinogen levels can be determined easily by using routine coagulation parameters tested in the laboratory, which is rapid and cost-effective compared to other measurements, such as serum AFP level. Similar to serum AFP level, which has been identified as a significant prognostic marker in HCC, fibrinogen may also achieve similar accuracy for predicting clinical outcomes. In fact, Fu et al 33 found that subgroups with negative AFP levels or TSA is a one-sided upper graph 
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Fibrinogen in HCC prognosis less aggressive clinicopathology but with elevated plasma fibrinogen levels still demonstrated poorer survival outcomes, suggesting that plasma fibrinogen could be a better prognostic biomarker compared to AFP, although further studies are warranted.
Most importantly, the examination of pretreatment plasma fibrinogen levels may help clinicians identify and provide more aggressive treatments to the appropriate group of patients to improve clinical outcomes. By comparing the normal-and high-fibrinogen groups, Zhang and Long 19 found that patients with HCC and elevated plasma fibrinogen levels had poorer responses to TACE, a recommended adjuvant therapy for intermediate and advanced HCC. The poor response to TACE treatment in high-fibrinogen groups requires further examination due to its small sample size, and it is not one of our primary outcomes due to the limited number of studies available.
Aside from the limited studies available, there are several other limitations in our analyses. The association between the elevated plasma fibrinogen levels and poor survival outcomes could potentially be overestimated because all included studies are published studies. Positive results are always favored for publication when compared to negative results; thus exaggerating the effect of the group tested. There are variations in the plasma fibrinogen measurement methods, the cutoff values, tumor stages, and treatments received among all included studies; however, analysis suggested little heterogeneity among studies. Moreover, all patients included in the 
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Fibrinogen in HCC prognosis prognostic evaluation were Asians, which may not reflect as general phenomena in other ethnic populations. All of these factors could have influenced the outcome of our evaluation.
Conclusion
From our analyses of eight high-quality studies, we conclude that patients with HCC and elevated plasma fibrinogen levels have poor survival outcomes. High plasma fibrinogen levels are associated with heavier tumor burden and advanced tumor progression. Therefore, plasma fibrinogen level may serve as a prognostic biomarker in HCC. 
